Western Michigan University

ScholarWorks at WMU
Master's Theses

Graduate College

4-1973

Operant and Classical Conditioning of Single Units in Area 18a of
the Rat’s Cortex
Francis E. Butler

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses
Part of the Experimental Analysis of Behavior Commons

Recommended Citation
Butler, Francis E., "Operant and Classical Conditioning of Single Units in Area 18a of the Rat’s Cortex"
(1973). Master's Theses. 2649.
https://scholarworks.wmich.edu/masters_theses/2649

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Master's Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

OPERANT AND CLASSICAL
CONDITIONING OF SINGLE UNITS
IN AREA ISA OF THE RAT’S CORTEX

Francis E. Butler

A Thesis
Submitted to the
Faculty of The Graduate College
in partial fulfillment
of the
Degree of Master of Arts

Western Michigan University
Kalamazoo, Michigan
April 1973

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

OPERANT AND^CLASSICAL
CONDITIONING OF SINGLE UNITS
IN AREA ISA OF THE RAT’S CORTEX
Francis E. Butler, I.i.A.
Western Michigan University, 1973
The effect of the previous history of a single unit
on its present firing pattern was studied using classical
and operant conditioning.
the rat's cortex.
units in that area.

The units were in area 18a of

It was found that there are polymodal
The firing pattern can be changed

using classical conditioning.

The rate of firing can be

increased one standard deviation above the mean rate by
reinforcing with brain stimulation.

The rate can also be

changed one standard deviation below the mean rate.

This

occurs when the trials come at a fixed time and when the
trials come at a variable time.

The effect, however, is

more noticeable when the trials occur at a fixed time.
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INTRODUCTION

Morrell (1967) reported that neurons in an associa
tion area (area 1 9 ) of the cat's cortex would change their
firing patterns according to the previous history of the
neuron.

Thompson, Patterson and Teyler (1972), in an

extensive review of the current literature, concluded that
the firing pattern of some neurons can be modified by the
unit's previous history.
There are two ways of affecting the present behavior
of an organism.

Classical conditioning modifies the

behavior by pairing together two stimuli.

By means of the

pairing, one of the stimuli will soon elicit the response
that was obtained when both stimuli were presented.

The

second method, operant conditioning, manipulates the
organism's responses by rewarding or punishing the re
sponse .
Classical conditioning of individual neurons has
been performed in cats (Morrell, 1967)* rabbits (Bures and
Buresova, 1970) and sea urchins (Kandel and Tauc, 1 965 ).
Morrell (1967 ) reported that neurons in area 19 of
the cat's cortex would fire to different stimulus modal
ities with different firing patterns.
labelled as polymodal units.

These units were

One type of stimulus was

presented and a stable firing pattern was obtained.
1
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Another type of stimulus was presented and a different
firing pattern was obtained.

This was a polymodal unit.

The two stimuli were combined yielding a third distinct
firing pattern, which was not a simple summation of the
two firing patterns.

If one stimulus was then presented,

the combined pattern would be obtained.

This combined

pattern reverted back to the original pattern after a
number of presentations of the one stimulus.
Morrell varied the type of stimuli to find the
particular stimulus to which the unit would fire with a
stable pattern.

This maximized the probability that a

particular unit would be labelled as polymodal, but it
makes comparisons across units difficult.
The rat does not have an area 19.

Krieg (1946a,

1946b) reported that the occipitalis lateralis (area 18a)
was an association area of the cortex of the rat.

The

neuroanatomical evidence indicated that area 18 a was tied
into the priamry visual cortex (area 17).

While area 18a

of the rat is not precisely the same as area 1 9 , which
was defined by Brodmann (1909), it appears to be similar
in function.
Although Morrell's study utilized cats, there are
several benefits gained by using rats rather than cats,
when one studies the behavior of the association areas.
Besides the obvious advantages in expense and in animal
care, the cortex of the rat's brain is less complex than
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the cat's brain, which may offer advantages for under
standing the function of those areas.
The present paper has been divided into three esperiments.

The purpose is to determine how the previous

history of the unit affects the firing pattern.
The first experiment is designed to answer the
following questions:
1) Do neurons in the cortical area of the rat fire
with a stable pattern to a particular stimulus?
2) Are the neurons polymodal?
3) Can the stable patterns of the polymodal neurons,
if any, be changed by a pairing paradigm, such as the one
used by Morrell?
The next two experiments are concerned with operant
conditioning.

Operant conditioning of a group of neurons

has been studied by Olds (1965)*
as the reinforcer.

A food pellet was used

The disadvantage of this method is

that the duration of the firing pattern is much shorter
than the time it takes to receive and consume a food
pellet.

The reinforcement is not immediate.

Electrical stimulation of the posterior hypothalamus
has been used by Olds (1958) and °f "the lateral hypothal
amus by Hoebel and Teitelbaum (1962) as a positive reinfor
cer.

Brain stimulation is an immediate and effective

reinforcer.
The second experiment attempts to maximize the effect
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on the firing pattern of a unit in area 18 a using brain
stimulation.
The third experiment is designed to minimize the
effect of time discrimination inherent in the second
experiment.
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METHOD OF EXPERIMENT I
Subjects
Subjects were fifteen Sprague Dawley male rats,
weighing between 300 and 350 grams.

All the subjects were

experimentally naive and they were in apparent good health
prior to the experiment.
Apparatus
Tungsten microelectrodes were used.

The impedences

were specified by the manufacturer to be between ^ and 16
megohms.
A Sobodka bite bar was used with the stereotaxic
instrument.

The bite bar held the animal in place by

coamping the incisors and the nose.

No earbars were used.

The subject was positioned 90 centimeters from a
Scientific Prototype Tachistiscope, Model 800-F.

A speaker

was located 15 centimeters from the subject's left ear.
The auditory stimulation was generated by a Textronix 161
Pulse Former.
flash.

The visual stimulus was a fifty millisecond

The auditory stimulus consisted of five consecutive

ten millisecond clicks.
The signal from the mecroelectrode was amplified by
two Textronix 122 preamplifiers and a stereo amplifier.
The output of the stereo amplifier was fed into a speaker,
5
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a Textronix 502 oscilloscope and a Schmitt trigger.
trigger was interfaced with a PDP-8 /e computer.

The

The

program was written in the Sked language (Snapper and
Kadden, in press).
Procedure
Surgery was performed under clean, but not asceptic
conditions.

The subject was anesthetized with a light

dose of urethane (6 5 0 mg/kg).
hypnotic agent.
anesthetized.

Urethane is a long lasting

The subjects did not appear to be heavily
The subjects received an additional dose of

ether prior to the incision.

A local anesthesia (Xylo-

caine) was applied under the scalp and at the nose region
to reduce irritation from the bite bar.
A rectangular hole was cut in the skull over area 18a
using the midline and lambda as reference points.
was surgically removed.

The dura

Glycerin was applied to prevent

drying and to counteract the pulsation in the cortex.

The

glycerin pool was fashioned after a paraffin pool designed
by Nina Relin Adams (personal communication via Dr. Gault).
The subject's pupils were dilated with atropine.
corneas were coated with glycerin to prevent drying.

The
The

lids were taped open.
The shielded room was darkened.

Single units were

found by using the oscilloscope and the speaker.

Noise

could be heard over the speaker until a unit was approached.
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A pop was produced in the speaker when the unit fired.

The

oscilloscope trace was a high amplitude signal for approxi
mately one millisecond.

If the amplitude and the duration

of the spike remained constant, the signal was considered
as a single unit firing.
Visual flashes and auditory clicks were used to see
if they had any effect on the unit.

If the unit responded

to either stimuli, the program, as illustrated in Figure 1,
was begun.
The program ran in the following manner.

To approxi

mate the procedure used by Morrell, 232 seconds elapsed
between blocks of trials.

Specifically, 23% seconds after

the experimenter started the session (Rl), a stimulus (S2)
was presented for 50 milliseconds.

The activity of the

unit was recorded for 240 milliseconds in five millisecond
segments.

A one second interval elapsed, then another

stimulus was. presented.

The data were collected in this

manner for five trials.

The entire procedure was followed

thirty times, each session with various stimulus conditions
(see Table I).

Stimulus conditions could be changed by the

experimenter during the 222 seconds that the warning stim
ulus (SI) was on.
The subject always received 150 presentations of a
visual flash, an auditory clidk, and of a simultaneous
presentation of both.

This was considered as the baseline.

In the experimental procedure, the first ten trials
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contained no stimulus.

The next twenty trials contained

either visual or auditory stimuli.

The other stimulus

condition was presented during the following twenty trials.
The 51st to the ?Oth trials combined the auditory and
visual stimuli at the same time.
broken up inot two blocks

The last

80 trialswere

of forty trials, whichcontained

either visual or auditory information.
No units deeper than

500 microns were used. No

recordings that contained more than one neuron firing
(multiple recording) was used.

The location on the cortex

was verified by histology immediately following the
experiment.
The data were analysed on a PDP-10 computer.
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•TABLE I

Order of Stimulus Presentations to the Subjects
Trial

Unit 2

Unit 3

Unit 4

Unit 6

Unit 7

Unit 8

Baseline
1 -1 5 0

Click

Light

Light

Light

Light

Click

1 5 1 -3 0 0

Light

Click

Click

Click

Click

Light

3 0 1 -4 5 0

Both

Both

Both

Both

Both

Both

Experimental
451-460

None

None

None ■

None

None

None

461-480

Click

Light

Click

Light

Light

Click

481-500

Light

Click

Light

Click

Click

Light

5 0 1 -5 2 0

Both

Both

Both

Both

Both

Both

521-560

Light

Click

Light

Click

Click

Light

561-600

Click

Light

Click

Light

Light

Click

601-610

None

None

None

None

None

None

6 II-63 O

Light

Click

Light

Click

Click

Light

6 3 1 -6 5 0

Click

Light

Click

Light

Light

Click

651-670

Both

Both

Both

Both

Both

Both

671-710

Click

Light

Click

Light

Light

Click

711-750

Light

Click

Light

Click

Click

Light

10
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RESULTS OF EXPERIMENT I
The results of twenty presentations of the stimulus
were combined as a single block for data analysis.

The

last ten trials of the baseline condition were systemat
ically discarded for ease in the analysis.

The first ten

trials of the experimental condition (no stimulus) were
handled as one block.

Therefore, the baseline sessions

consisted of seven blocks of twenty trials, and the experi
mental sessions consisted of one block of ten trials and
seven blocks of twenty trials.
The number of unit firings on the twenty trials were
distributed across the bins in each block.
cedure was performed on the ten trial block.

The same pro
For compari

son between conditions, each bin was divided by the total
number of firings to get a relativized score, since the
total number of firings varied across the units and across
the stimulus conditions.

The seven baseline blocks were

added together and averaged.
called the total block.

The block that resulted was

The total block was compared with

the seven component blocks.

The unit was considered to be

stable if the majority of the blocks were not significantly
different from the total block, using a Chi-square test
(p=.05).
Six units, out of thirty units obtained, responded to
11
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one of the stimulus conditions.
in detail.

The six units were studied

No unit was stable exclusively with auditory

stimulation.

Two units (unit ^ and unit 8) were unstable

over any type of stimulation.

One unit (unit 2) was stable

with visual stimulation alone.
Three units (units 3*6 and 7) were stable in their
firing pattern for each type of stimulation.

The three

units were then analysed to determine if the unit was
polymodal.

The total block of each stimulus modality was

compared with the other blocks using a Chi-square test
(p=.05).

A unit was considered to be polymodal if the

test was significantly different.
are shown in Table II,

The results of the test

The pattern elicited by the visual

stimulation was significantly different from the pattern
elicited by the auditory stimulation in two units (unit 6
and unit 7).

The pattern elicited by the visual stimulation

was significantly different from the pattern evoked by the
combination of auditory and visual stimulation in unit 6.
Figure 2 illustrates for unit 6 the total block for
the visual (Figure 2A), the auditory (Figure 2B) and both
the auditory and the visual stimuli (Figure 2C).

Figure 2D

and Figure 25 illustrate the firing pattern to auditory and
visual stimuli during the experimental session.

Both firing

patterns are significantly different from all the total
blocks.
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The effects of association were observed in unit 6.
The total blocks for visual and auditory stimulation were
compared with the experimental sessions (Trials ^51-750)•
A Chi-square test (p=.05) was utilized.

The results are

shown in Table III.
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TABLE II

Results of the test for polymodal units. An asterisk
indicates that the total block for the modality given is
significantly different from the other modality (p=.0 5 ).
Unit

Visual-Auditory

3

-

6

*

7

*

Visual-Combined

Auditory-Combined

*
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FIGURE 2
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TABLE III

Results of comparing the total "blocks of visual stimu
lation and of the auditory stimulation with various stimuli
during the experimental session in unit 6. An asterisk
indicates that there is a significant difference (p=.0 5 )
between the blocks.
Trial

Stimulation

Visual

Auditory

^51-^60

None

-

*

^61-^80

Light

-

*

i+81-500

Click

*

*

501-520

Combined

*

*

521-5^0

Click

*

5*1-1-560

Click

*

561-580

Light

581-600

Light

601-610

None

-

*

611-630

Click

-

*

631-650

Light

-

*

6 5 I-67 O

Combined

6 7 1 -6 9 0

Light

*

691-710

Light

•*

711-730

Click

731-750

Click

*

16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DISCUSSION OP EXPERIMENT I
There were no units that fired exclusively to the
auditory stimulation with a stable pattern.

Area 18a is

highly interconnected with area 17 according to the histo
logical evidence presented by Krieg (19^6b).

It may be

expected that no unit would be found that responds only to
the auditory stimulation since area 17 is the visual center
of the rat.
The stimulus conditions were kept constant so that
comparisons between different units could be made.
Unit 2 responded with a stable pattern to visual
stimulation.

It was not stable to auditory or to combined

stimulation. -It is, of course, possible that this unit
could respond to some other modality not tested here.
Unit 3 was stable to visual, auditory and combined
stimulation.

The unit did not have a significantly differ

ent pattern for the different stimuli.

This could indicate

that the unit was not a polymodal unit.
Unit 7 fired with a stable pattern for visual, audi
tory and combined stimulation.

The pattern for visual

stimulation was significantly different from the auditory
stimulation.

This would indicate that the unit responded

to visual stimulation with a particular firing pattern,
which was different from the pattern elicited by other
17
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types of stimulation.

Unit 7 cannot be labelled as a unit

that responds only to light since the patterns are stable
for auditory and combined stimulation.
Unit 6 had a stable pattern for all three stimuli.
The visual pattern was significantly different from the
combined pattern.

The auditory pattern was not signifi

cantly different from the combined pattern.

The shapes of

the distribution are the same as seen in Figure 2 (B and
C).

The visual pattern as seen in Figure 2A does not

have the same shape as the auditory or the combined stimu
lation.

The unit may have been responding to the click

when both stimuli were presented together.

A unit that

fires to one stimulation with one particular pattern and
to another stimulus with another pattern, such as unit 6,
is considered to be polymodal.
The polymodal unit was observed for the effects oif
association.

During the baseline recordings, the unit had

a stable pattern.

The experimental procedure was initiated

and the unit became unstable.

The firing pattern became

stable when forty or more presentations of the same stimulus
occurred.

Apparently the unit was affected not only by

the current stimulus, but also by the stimulus conditions
that immediately preceeded it.
A stable baseline of 150 trials was obtained.

The

trials were then pooled to get an estimate of the popula
tion distribution.

This pooled value was taken to be the
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population value until the value was proved not to be an
estimate of the population.

The estimation of the popu

lation allowed the experimenter to be confident that the
shape of the firing pattern was a good estimate of how the
unit was firing to the stimulation.
The data obtained agree with Krieg’s histological
findings, that area 18a is sparsely populated with fiber
tracks.

The small sample size was a function of that

sparsity and the amount of time that was required to
obtain and process the information.
In conclusion, it has been found that there are stable
units in area 18a.

There are units that fire with a stable

pattern to stimulation.

There are also polymodal neurons

in area 18a whose firing pattern can be changed by its
history of stimulus presentations.
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METHOD OF EXPERIMENT II

Subjects
Eight Sprague Dawley male rats, weighing between 450
and 525 grams were used.

They were experimentally naive

and they were in apparent good health prior to the experi
ment.
Apparatus
The apparatus was similar to that of Experiment I.
Visual stimulation was not used, so the tachistiscope was
removed.

The auditory stimulation was generated by a

Hewlett Packard Model 200 oscillator.
was controlled by an electronic switch.

The auditory tone
The tone lasted

250 milliseconds.

Brain stimulation was delivered through twisted wire
bipolar electrodes.

The stimulation was generated by a

Textronix 161 Pulse Former.

The current was 50 microamps.

The signal was one kilohertz and it lasted for 250 milli
seconds.
Procedure
The surgery was performed as in Experiment I.

The

subject's pupils were not dilated with atropine or coated
with glycerin.

The subject's eyes were not taped open.
20
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The target for the brain stimulation was the lateral
hypothalamus.

The coordinates were obtained from Bures,

Petran and Zachar (196 ?).

The coordinates used were .5

millimeters posterior to bregma, 1.5 millimeters lateral
to the midline and 8 .2 5 millimeters from the top of the
skull.
Units were identified as in Experiment I.

The fre

quency of the tone was adjusted for maximal effect.

The

tone was used to see if it had any effect on the firing
pattern.
The program is represented in Figures 3 and
3 illustrates the baseline conditions.

Figure

After 6.75 seconds,

the activity of the unit was recorded for 250 milliseconds.
This procedure was repeated for 100 trials.
tone was presented for thenext 50 trials.

The auditory

The auditory

tone was turned on 6 .2 5 seconds after the onset of
trial.

the

The unit activity was recorded for 250 milliseconds

after the tone went off.

A new trial was begun.

At the

end of 50 trials, the PDP-8/e waited for the PDP-10 to
notify the experimenter of the means and standard deviations
of the 150 trials broken up into 3 blocks of 50 trials.

The

highest mean and standard deviation were then entered into
the PDP-8/e and the program as illustrated in Figure 4 was
begun.
Six seconds after the
tone was turned onfor 250

onset of the trial, the auditory
milliseconds.

The unit activity
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was recorded for 250 milliseconds after the tone terminated.
If the activity was at least equal to the mean plus stan
dard deviation, the brain was stimulated for 250 millisec
onds and a new trial was begun.

If the unit activity was

less than the mean plus standard deviation, 250 millisec
onds elapsed and a new trial was begun.

After 150 trials,

the unit was required to fire less than the mean minus the
standard deviation for the brain stimulation.
When the increase and decrease portion of the experi
ment were over, baseline was taken once again.
The animal was sacrificed at the end of the experi
ment.

Histology was performed to check the placement of

the electrodes.
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FIGURE 4
State Notation of the Increase and Decrease Portion of Experiment II

51-Auditory tone
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•
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RESULTS OF EXPERIMENT II

Six units from 8 rats were recorded.

Four of the

units showed an increase and/or a decrease in their rate
of firing.

Data from two of these units were lost due to a

computer failure.

Inconclusive data were gathered from

two units.
Unit 3> showed an increase and a decrease in the
firing pattern.
trials is shown

The mean rate of firing for every 10
in Figure 5.

The unit had to fire at least

three times to receive reinforcement during the increase
trials and less than two times during the decrease trials.
Baseline was not recorded following the experimental ses
sion for this unit.
Unit 16 also showed an increase and a decrease in the
firing pattern.
trials is shown

The mean rate of firing for every 10
in Figure 6.

The increase criterion was

at least two firings within the 250 milliseconds.

The

unit had to fire less than two times to receive reinforce
ment in the decrease portion of the experiment.
Table IV describes two possible events.

Columns 1 and

3 indicate the number of reinforcements that units 1^ and
16 would have received if the increase schedule was in
effect all the time.

Columns 2 and ^ indicate the number

of reinforcements that the subject would have received if
25
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the decrease portion of the schedule was in effect all the
time.

The probability of being at least one standard

deviation away from the mean is .16.

The data in Table IV

were analysed using the mean and standard deviation of the
auditory trials (Trials 101-150) and Bernoulli*s distribu
tion.

If the probability of success was less than .0005

it was indicated with an asterisk in Table IV.
Histology verified the placement of the electrodes.
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FIGURE 6

Mean Rate of Firing for Every 10 Trials of Unit 16
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TABLE IV

Possible number of reinforcements that the animal
would have received if the entire session had been run
on an increase contingent reinforcement schedule or on
a decrease contingent reinforcement schedule. An as
terisk indicates a significant change (p=.0005).
Animal 16

Animal 14
Increase

Decrease

Increase

Decree

Trial

Condition

1 -5 0

Baseline

1

46

1

49

51-1 0 0

Baseline

9

37

4

46

1 0 1 -1 5 0 Auditory

0

50

4

46

1 5 1 -2 0 0 .Increase

0

50

7

43

2 01-250 Increase

1

48

5

45

351-300 Increase

22*

23

33*

17

301-350 Decrease

27*

23

31*

19

351-400 Decrease

0

50

16

3^

401-450 Decrease

10

40

13

37

451-500 Baseline

-

-

10

40

501-550 Baseline

-

-

2

48

551-600 Auditory

-

-

12

38

29
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DISCUSSION OF EXPERIMENT II

One hundred trials were run before unit 1^ signifi
cantly increased its rate of firing.

This high rate of

firing continued into the first 50 trials of the decrease
contingent schedule.

There was no cue to the animal that

he should now decrease his rate rather than increase it.
The animal did decrease its rate of firing.

It picked up

all but 10 of the brain stimulations our of the last 100
trials during the decrease session.
Unit 16 also demonstrated a marked increase in its
firing rate during the last 50 trials of the increase
contingent schedule.

This increase continued for the first

50 trials of the decrease contingent schedule.

The animal

then decreased its rate of firing significantly.
An animal can increase the rate of firing of a single
unit in order to receive brain stimulation.

This increase

is not due to a general increase in brain activity since
the animal can also decrease its rate of firing.
The tone was presented every 6 . 7 5 seconds.

It is

possible that the animal could have learned a time discri
mination.

An increase or a decrease in the firing rate

would occur every 6 . 7 5 seconds.

Experiment III was run to

determine if the animal was forming a time discrimination.

30
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METHOD OF EXPERIMENT III

Subjects
The subjects were four male Sprague Dawley rats,
weighing between ^4-00 and

grams.

All the subjects were

in apparant good health prior to the experiment.
Apparatus
The apparatus was similar to that used in Experiment
II.

The oscillator was replaced with a Sonalert that

produced a 2.95 kilohertz tone.
Procedure
The surgical procedure was the same as in Experiment
II.

The program was similar to the program in Experiment

II.

The baseline program differed in that instead of

presenting the trial every 6.75 seconds, every 1 .2 5 seconds
there was a probability of .20 of beginning the trial (Fig
ure 7).

The experimental session difiered in the same way:

every 1.25 seconds there was a probability of .20 of
presenting a new trial (Figure 8).

31
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FIGURE 8
State Notation of the Increase and Decrease Portion of Experiment III
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RESULTS OF EXPERIMENT III

Three units from 4 rats were recorded and analysed.
Unit 18 showed no effect.

Two of the units showed an

effect.
Unit 17 showed an increase and a decrease in its rate
of firing.

The mean rate of firing for every 10 trials is

shown in Figure

The unit had to fire at least two

times to receive reinforcement during the increase trials
and less than two times during the decrease trials.
Unit 19 did not show an increase or a decrease in its
rate of firing.

At the end of the experiment, however,

the animal was placed on the schedule as described in
Experiment II (a trial occured every 6.75 seconds) for 100
increase contingent trials.

The mean rate of firing for

every 10 trials is shown in Figure 10.

The increase

criterion was at least 6 firings during the 250 millisec
onds.

The unit had to fire less than two times to receive

reinforcement in the decrease portion of the experiment.
The animal received ^5 out of 50 reinforcements in the
last block of fifty trials.
Columns 1 and 3 of Table V indicate the number of
reinforcements that units 17 and 19 would have received
if the increase schedule was in effect at all times.
Columns 2.and 4 indicate the number of reinforcements that
34
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the subject would have received if the decrease portion of
the schedule was in effect all the time.

The probability

of being at least one standard deviation unit away from
the mean is .16.

The data in Table V was analysed using

the mean and standard deviation of the auditory trials
(Trials 101-150) and Bernoulli's distribution.

If the

probability of success was less than .0005 it was indicated
with an asterisk in Table V.
Histology verified the electrode placements.
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FIGURE 9
Mean Rate of Firing for Every 10 Trials of Unit 17
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FIGURE 10
Mean Rate of Firing for Every 10 Trials of Unit 19
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TABLE V

Possible number of reinforcements that the subject
would have received if the entire session had been run
on an increase contingent reinforcement schedule or on
a decrease contingent reinforcement schedule. An as
terisk indicates a significant change (p=,0 0 0 5 ).
Animal 19

Animal 17
Increase

Decrease

Increase

Decrease

Trial

Condition

1 -5 0

Baseline

2

4-8

i

4-3

5 1 -1 0 0

Baseline

1

4-9

13

34-

1 0 1 -1 5 0 Auditory

14-

36

0

4-2

1 5 1 -2 0 0 Increase

21*

29

9

32

2 0 1 -2 5 0 Increase

11

39

3

36

2 5 1 -3 0 0 Increase

20*

30

2

19

301-350 Decrease

18*

32

4

17

351-400 Decrease

2

48

3

18

401-4-50 Decrease

11

39

2

29

451-500 Baseline

5

^5

5

17

501-550 Baseline

1

4-9

20*

2

551-800 Auditory

2

48

23*

1

601-650 Increase

-

-

18*

3

651-700 Increase

—

-

45*

0
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DISCUSSION OF EXPERIMENT III

Unit 1? showed some tendency towards increasing its
rate of firing.

During the decrease portion of the program

the number of bursts which were one standard deviation
above the mean decreased.

One might hypothesize that the

increase would be more marked, had the session continued
longer.

It is difficult to keep a single unit alive for

more than one hour.
at a cost.

More increase trials can be run, but

If the decrease trials or baseline trials are

eliminated, there is no control for increase brain activity
being the sole cause of the increased activity observed in
the single unit.
Animal 19 did not master the increase task after 150
trials when the trials came at a variable time.

Y/hen the

trials came every 6.75 seconds, the animal increased its
rate of firing after 50 trials.

The animal performed

satisfactorily when the trials came at a definite time,
but it was unable to do so when the trials were unpredic
table .
Based on the data of unit 17» one may say that the
effect of increasing or decreasing the rate of firing of a
single unit for brain stimulation is not entirely based
on time.

The data from unit 19 indicate that the task is

easier if the trials come at a definite time.
39
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CONCLUSION

It has been shown that the previous history of a
single neuron affects its present firing pattern.

If one

stimulus is paired with another stimulus for a number of
trials, the firing pattern of a single unit will change.
If an animal has been subjected to brain stimulation in
the lateral hypothalamus when a specific neuron fires at a
particular rate, the animal will quickly control the rate of
firing.

The animal learns to control one or several of the

10 billion neurons in the brain within 15 minutes.

The ani

mal develops more rapid control if the trials occur at
definite times, than if the trials occur at random times.
This could be a type of classical conditioning, where time
is a stimulus.
Since only the strongest of the neurons, hence in all
likelihood the largest neurons, were recorded, no sweeping
statement can be made about area 18a.

The results given

here might only be applicable to those neurons.
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